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AEROSOL FORMULATIONS FOR BUCCAL, AND
PULMONARY APPLICATION

This épplication is a continuation-in-part of
application No. 09/251464 filed February 17, 1999, which
is .a continuation of provisional applicatidn o
No. 60/113239 filed December 21, 1998.

Field of the Invention

The present invention relates to an improved
delivery system for the administration of large-molecule
pharmaceuticals, e.g. peptidic drugs, vaccines and
hormones. 1In pérticular it relates to pharmaceuticals
which may be admihiéﬁered by means of an aerosol into
the mbuth, for.buccal or pulmonary application.

Background to the Invention

In spite of significant efforts in academic and
commercial laboratories, major breakthroughs in oral
peptide and protein formulation have not been achieved.
Relativeiy 1itt1e.progress has been made in reaching the
target of safe and effective oral formulations for -
peptides and proteins. The major barriers to developing

oral formulations for proteins and peptides include poor

-intrinsic permeability, lumenal and cellular enzymatic

‘degradation, répid clearance, and chemical stability in

the gastrointestinal (GI) tract. Pharmaceutical
approaéhes to addfesé these barriers, which have been
sﬁccessful with tréditional small, organic dfug
molecules, have not readily translated into effective
peptide -and protein formulations. Although the
challenges are significant, the potential therapeutic
benefits remain high especially in the field of diabetes
;reatmént using insulin. ' ‘

SéientiSts have explored varidus administration
routes other than the injection for proteins and
peptides. Oral and nasal cavities have been of greatest

interest to scientists. Both the oral and nasal
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membranes offer advantages over other routes of
administration. For example, drugs administered through
theée membranes have a rapid onset of action, provide
therapeutic élasma levels, avoid first pass effect of
hepatic metabolism, and avoid exposure of the drug to
hostile GI environment. Additional advantages include
easy access to the membrane sites so that the drug can
be applied, localized and removed easily. Further,
there is a good potential for prolonged delivéry of
large molecules through these membranes.

The ofal routes have received far more attention
than has the other routes. The sublinguél mucosa
includes the membrane of ventral surface of the tongue
and the floor of the mouth whereas the buccal mucosa
constitutes the lining of the cheek. The sublingual
mucosa is relatively permeable thus giving rapid
absorption and acceptable bicavailability of many drugs.
Further, the sublingual mucosa is convenient, acceptable

and easily accessible. This route has been investigated

‘clinically for the delivery of a substantial number of

drugs.
The ability of molecules to permeate through the

oral mucosa appears to be related to molecular size,

lipid solubility and peptide protein ionization. Small

molecules, less than 1000 daltons appear to Cross mucosa
rapidly. As molecular size increases, the permeability
decfeases rapidly. Lipid soluble compounds are more
permeable than non-lipid soluble molecules. Maximum
absorption occurs when molecules are un-ionized or
neutral in electrical charges. Therefore charged
molecules present the biggest challenges to absofption
through the oral mucosae.

Most proteinic drug molecﬁles are extremely large
molecules with molecular weight exceeding 6000 daltons.

These large molecules have very poor lipid solubility
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and are practically impermeable. Substances that

. facilitate the absorption or transport of large

molecules (>2000 daltons) across biological membranes

‘are known as enhancers, (Lee et al., Critical Reviews in

Therapeutic drug Carrier Systems, 8, 91, 1991; Lee et
al., Critical Reviews in Therapeutic drug Carrier
Systems, 8, 115, 1891, 1992). Enhancers have been

characterized as chelators, bile salts, fatty acids,

synthetic hydrophilic and hydrophobic compounds, and
biodegradable polymeric compounds.

Various mechanisms of actlon of enhancers have been
proposed. These mechanlsms of action, at least for
protein and peptidic drugs include (1) reducing
viscosity and/or elasticity of mucous layer, (2)
facilitating transcellular transport by increasing the

fluidity of the lipid bilayer of membranes, and (3)

increasing the thermodynamic activity of drugs (Critical

Rev, 117-125, 1991, 1992).
Many enhancers have been tested so far and some
have found to be effective in facilitating mucosal

administration of large molecule drugs. However, hardly

any penetration enhancing products have reached the

. market place. Reasons for this include lack of a

satisfactory safety proflle respectlng 1rr1tatlon,
lowering of the barrier function, and impairment of the
mucocilliary clearance protective mechanism. It has
been found that some enhancers, especially those related
to bile salts, and some protein solubilizing agents give
an extremely bitter and unpleasant téste. “This makes
their use almost impossible for human consumption on a
daily basis. Several approaches have been utilized to
improve the taste of thé bile salts based delivery
systems, but none one of them are commercially
acceptable for human oral consumption to date. Among

the approaches utilized includes patches for buccal
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mucosa, bilayer tablets, controlled release tablets, use
of protease inhibitors, buccally administered film patch
devices, and yarioﬁs polymer matrices. -

The basic problem associated with the above

5 technologies is the use of large quantities of bile
acids and their salts to promote the transport of the
lérge molecules fhrough membranes in the form of
localized delivery system using patches or tablets. In
spite of usiné‘protease inhibitors and polymer coatings

10 the technologies failed to deliver proteinic drugs in
the required therapeutic concentrations. Further, the
probleh is compounded because of the 1oca1izéd site
effect of the patch which resulted in severe tissue
damage in the mouth. Most attempts were made to deliver

15 large molecules via the oral, nasal, rectal, and vaginal
routes using single bile acids or enhancing agents in
‘combination with protease inhibitors and biodegradable
polymeric materials. However, it is extremely difficult
to achieve therépeutic levels of proteinié drugs using

20 these formulations. Single enhancing agents fail to
loosen tight cellular junctions in the oral, nasal,
rectal and vaginal cavities for a required period of
time in order to pefmiﬁ passage of large molecules
through the mucosal membranes without further

25 degradation. This problem makes it impractical to use
the above mentioned systems commercially.

Oral delivery offers a variety of benefits for
systemic drug delivery. For éxample, it provides easy,
non-invasive access to a permeable mucosa, which

30 facilitates rapid drug absorption and a fast onset of
action of the drug. In comparison to the GI tract and
other organs, the buccal environment has lower enzymatic
activity and a neutral pH.

In order to overcome the above mentioned problem of

35 the bitter taste, irritation and the penetration of
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large molecules through the sublingual, buccal and GI
tract mucosal lining, a system has now been designed
where a proteinic drug is encapsulated in mixed micelles
made up of a combination of enhancers. .

5 A method of substantially overcoming the above
disadvantages bhas now been found. The amount of
physiologically peptide or protein in the compositions
of the present invention is typically a quantity that
provides an effective amount of the pharmaceutical or

10 drug to produce the physiological activity (therapeutic

. plasma level) for which peptide or protein is being .
administered. In conSLderatlon of the fact that the
biocavailability of any active_substance can never be
100%, it is preferable to incorporate slightly larger

. 15 amount than the desired dosage.

It i€ believed that improvements in penetration and
absorption of mixed micellar formulations can be
achieved by administering the mixed micellar formulation
‘with propellants'such as tetrafluorcethane,

20 héptafluoroethane, dimethylfluoropropaﬁe}
tetrafluoropropane, butane, isobutane, dimethyl ether
and othér non-CFC and CFC propellants. Preferably they
are delivered through me;e?ed dose spray devices.
Metered dose inhalers are known and are a popular

25 pulmonary drug delivery form for some drugs. The
present formulation, including the propellant, is
intended to improve the quality of absorption, stability
and performance of many formulations. The compositions
have been selected to give enhancement in the

30 penetration through pores, and facilitate absorption of
the drugs to reach therapeﬁtic levels in the plasma.

One of the other benefits of using an atomizer or
inhaler is that the potential for contaminatioh is
minimized because the devices are self coﬁtained.

35
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Summary of the Invention
Accordingly the present invention provides a mixed

.micellar aerosol pharmaceutical formulation and a

propellant, comprising i) a proteinic pharmaceutical
agent in micellar form, ii) water, iii) an alkali metal -
C8 to €22 alkyl sulphate in a concentration of from 1 to
20 wt./wt.3 of the total formulation, iv) at least three
micelle forming compounds selected from the group
consis;ing of lecithin, hyaluronic acid,
pharmaceutically acceptable salts of hyaluronic acid,
glycolic acid, lactic acid, chamomile extract, cucumber
extract, oleic acid, linoleic acid, linolenié acid,
monoolein, monooleates, monolaurates, borage oil,
evening of primrose oil, menthol, trihydroxy oxo .
cholanylglycine and pharmaceutically acceptable salts
thereof, glyceriﬁ, polyglycerin, lysine, polylysine,
triolein, polyoxyethylene ethers and analogues thereof,
polidocanol alkyl ethers and analogues théfeof,
chenodeoxycholate, deoxycholate, and mixtures thereof,
wherein the amount of each micelle forming compound is
present:in a cohcentration of from 1 to 20 wt./wt.% of
the total formulation, and the total concentration of
micelle forming compounds are less than 50 wt./wt.% of
the formulation, v) a phenolic compound selected from
the §roup consisting of phenol and methyl phenol in a
concentration. of from 1 to 16 wt./wt.% of the total
formulation, and vi) a propellant selected from the
group consisting of C1-C2 dialkyl ether, butanes, .
fluorocarbon propellant, hydrogen-containing
fluorocarbon propellant, chlorofluorocarbon propellant,
hydrogen-containing chlorofluorocarbon propellant, and
mixtures thereof.

In oné embodiment, the alkali metal C8 to C22 alkyl
sulphate is in a concentration of from 2 to 5 wt./wt.%

of the total formulation.
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In another embodiment, the alkali metal C8 to C22
alkyl sulphate is sodium lauryl sulphate.

In another embodiment, the lecithin is saturated or
unsaturated,.preferably selected from the group
consisting of phosphatidylchdline, phosphatidyl serine, '
sphingomyelin, phosphatidylethanolamine, cephélin, and
lysolecithin. )

In yet another embodiment, at least one of the
micelle forming compounds is selected frbm the group
consisting of hyaluronic acid, pharmaceutically
acceptable salts of hyaluronic acid, poliaocanol alkyl.
ethers, trihydroxy oXxoO choianyl lecine, polyoxyethylene
ethers, triolein and mixtures thereof, the concentration
such micelle forming compound being from about 1 to
about 5 wt./wt.%. '

Preferably, the ratio of proteinic pharmaceutical
agent, e.g. insulin, to propellant ‘is from 5:95 to
25:75. |

In another embodiment, the propellant is selected
from the group consistihg of tetrafluoroethane,
tetrafluoropfopane, dimethylfluoropropane,
heptafiuoropropane, dimetﬁyl ether, n-butane and
isobutane. ' )

In yet another embodlment the mixed micellar
pharmaceutical formulatlon and propellant are contalned
in an aerosol dlspenser.

For insulin-containing and some other comp051tlons,
the composition may also contains at least one lnorganlc
salt which opens channels in the gastrointestinal tract
and may provide additional stimulation to release
insulin. Non-limiting examples of inorganic salts are
sodium, potassium, calcium and zinc salts, eépecially
sodium chloride, potassium chloride, calcium chloride,
zinc chloride and sodium bicarbonate.

It will be recognized by those skilled in the art
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that for many pharmaceutical compositions it is usual to
add at least one antioxidant to prevent degradation and
oxid;tion of the pharmaceuticallf active ingredients.- -
It will also 5e understood by those skilled in.the art
that colorants, flavduring agents and non-therapeutic '
amounts of other‘compouhds may be included in the
formulation. Typical flavouring agents are menthol,
sorbitol and fruit flavours. ' )

In one embodiment the antioxidant is selected from
the group éonsisting of tocopherol; deteroxime mesylate,
methyl parében, ethyl paraben, ascorbic acid and
mixtures thereof. A pfeferred antiokidant is
tocopherol. -

In a preferred embodiment at least one protease
inhibitor is added to the formulation to inhibit
degradation of the pharmaceuticai agent by the action of
proteolytic enzymes. Of the known protease inhibitors,

most are effective at concentrations of from 1 to

3 wt./wt.%.of the formulation.

Non-limiting examples of effective protease
inhibitois are bacitracin, soyabean trypsin, aprotinin
and bacitracin derivatives, e.g. bacitracin methylene
disalicylate. Bacitracin is the most effective of those
named when4used in concentrations of from 1.5 to
2 wt./wt.%. Soyabean trypsin and aprotinin also may beA
used in concentrations of about 1 to 2 wt./wt.% of the
formulation. ' -

The proteinic pharmaceutical agent may be selected
from a wide variety of macromolecular agents, depending
on the disorder to be'treated, geherally with molecular
weights éreater than about 1000 and especialiy between
about 1000 and 2 000 000. Preferred pharmaceutical
agents are selected from thé group consisting of
insulin, heparin, low molecular weight heparin, hirulog,

hirugen, huridine, interferons, interleukins, cytokines,
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mono and polyclonal antibodies, immunoglobins,
chemotherapeutic agents, vaceines, glycoproteins,
bacterial toxoids, hormones, calcitonins, insulin like
growth factors. (IGF), glucagon like peptldes (GLP 1),
large molecule antibiotics, protein based thrombolytic
compounds, platelet inhibitors, DNA, RNA, gene
therapeutlcs, antisense oligonucleotides, opioids,
narcotlcs, hypnotics, steroids and pain killers.

The present invention also provides a process for
making a pharmaceutical composition suitable for
delivery through transdermal membranes comprising the
steps of: .

a) mixing a proteinic pharmaceutical agent
composition in an agueous medium with an alka11 metal C8
to €22 alkyl sulphate, and at least three micelle
forming compounds selected from the group consisting of
lecithin, hyaluronlc acid, pharmaceutically acceptable
salts of hyaluronic acid, glycolic ac1d lactic acid,
chamomile extract, cucumber extract, oleic acid, '
linoleic acid, linolenic acid, monoolein, monooleates,
monolaurates, borage oil, evening of primrose oil,
menthol, trihydroxy oxo cholanyl glycine and
pharmaceutically acceptable salts thereof, glycerin,
polyglycerin, lysine, polylysine, triolein,
polyoxyethylene ethers and analogues thereof,
polidocanol alkyl ethers and analogues thereof,
chenodeoxycholate, deoxycholate, and mixtures thereof,
to form a micellar proteinic pharmaceutical agent
comp051tlon,

b) adding a phenolic compound selected from the
group consisting of phenol, m-cresol and mlxtures
thereof, in which the addition takes place at a time
selected from the group consisting of before the
addition of the alkali metal C8 to C22 alkyl sulphate,
during the addition of the alkali metal C8 to C22 alkyl
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sulphate, after the addition of the alkali metal C8 to
C22 alkyl sulphate, befqre the addition of at least one
of the micelle forming compounds, during the addition of
at least one of the micelle forming compounds and after
the addition of at least one of the micelle forming
compounds; and subsequently

d) placing the formulation into an aerosol
dispenser and charging the dispenser a propellant;

wherein the composition has at least-three'miqelle
forming compounds and the amount of the miéelle farming
compounds are each present in a concentration of from 1
fo 20 wt./wt.% of the total formulation, and the total
concentration of alkali metal alkyl sulphate and micelle
forming compounds is less than 50 wt./wt.% of the
formulation.

In one embodiment, the process comprises:

a) mixing a proteinic pharmaceutical agent
composition in an aqueous medium with an alkali metal C8
to’ C22 alkyl sulphate, and at least one micelle forming
compound selected from the group consisting of 1ecithin,
hyaluronic acid, pharmaceutically acceptable salts of
hyaluronic acid, glycolic acid, lactic acid, ‘chamomile
extract, cucumber extract, oleic acid, linoleic acid,
linolenic acid, monoolein, monooleates, monolaurates,
borage oil, evening of primrose oil, menthol, trihydroxy
oxo cholanyl glycine and pharmacehtically acceptable
salts thereof, glycerin, polyglycerin, lysine,
pblylysine, triolein, polyoxyethylene ethers and
analogues thereof, polidocanol alkyl ethers and
analogues thereof, chenodeoxycholate, deoxycholate, and

‘mixtures thereof, to form a micellar proteinic

pharmaceutical agent composition;
b) during step a) or after step a), adding at least
one micelle forming compound, different from that added

in step a);
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c) during step a) or after step a), adding.é
phenolic compound selected from the group consisting of
phénol, m-cresol and mixtures ‘thereof; and subsequently

d) placiﬁg the formulation into an aerosol

5 dispenser and charging the dispenser a propellant;

wherein the composition has aﬁ least three micelle

.forming compounds and the amount of the micelle forming
compounds are eaéh.present in a concentration of from 1
to 20 wt./wt.% of the total formulation, and the total

10 concentratibn of -alkali metal alkyl sulphate and micelle
forming compounds is less than 50 wt./wt.% of the
formulation.

In another embodiment, the process comprises:

a’) mixing the proteinic pharmaceutical agent

15 composition in an aqueous medium with the alkali metal
Cc8 to C22 alkyl sulphate and optionally at least one of
the micelle forming compounds, to form a micellar
Aproﬁeinic‘pharmaceutical agent composition;

b’) slowly adding at least one of the micelle

20 forming compounds, different from that added in step
a’"), while mixiﬁg vigorously, to form a mixed micellar
composition;.

c') mixing the mixed micellar composition
resulting from steps a‘’) and b’') with the phenolic

25 compound; andAsubsequently

d’) placing the formulation into an aerosol
dispenser and charging the dispenser a propellant.

In a further embodiment, the process cémpriseé the

steps of: '

30 a") mixing the proteinic pharmaéeutical agent
_composition in an aqueous medium with the alkali metal
Cc8 to C22. alkyl sulphate and optionally at least one‘of
the micelle forming compounds, thle mixing vigorously,
to form a mixed micellar composition;

35 b") mixing the mixed micellar composition
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resulting from step a") with the phenolic compound; and
subsequently

c") placing the formulation into an aerosol
dispenser and charging the dispenser a propellant.

5 In another embodiment, ﬁhe alkali metal alkyl
sulphate is sodium lauryl sulphate.

In yet another embodiment, the formulation has
micelle forming compound combinations selected from the
groﬁp consisting of sodium hyaluronate, monoolein and

10 saturated phospholipid,.ii)saturated'phospholipid,
monoolein and glycolic acid, iii) sodium hyaluronate,
polyoxyethylene ether and lecithin, iv) polYoxyeth&lene
either, trihydroxy oxo cholanyl- and lecithin, V)
polidocanol 9 lauryl ether, polylysine and triolein, vi)

15 saturated phospholipid, polyoxyethylene ether and
glycolic acid, and vii) trihydroxy oxo-cholanyl glycine,
lecithin and chenodeoxycholate.

The vigorous mixing may be accomplished by using
high speed stirrers, e.g. magnetic stirrers or propellor

20 stirrers, or by sonication. '

In one embodiment, the mixed micellar formulation
is formed by sonication of the aqueous micellar
pharmaceutiéal agent composition in which one of the
micelle forming compounds is lecithin.

25 The present invention also provides a metered dose
aerosol dispenser with the composition of the present
invention therein, in which an aqueous solution
containing the proteinic pharmaceutical agent, and the
propellant, are in a single phase.

30 The present invention also provides a method for
administering mixed micellar pharmaceutical formulations
of the present invention, by spraying the intermixed
composition into the mouth with a metered dose spray
device.

35 The present invention also provides a method for
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administra;ion of a proteinic pharmaceutical agent in a
buccal cavity of a human being by spraying into the

cavity, without inhalation, from a metered dose spray

. dispenser, a mixed micellar pharmaceutical formulation

and a propellant comprising:

i) the prbteinic pharmaceutical agent in micellér
form, ii) water, iii) an alkali metal C8 to C22 alkyl
sulphate in a concentration of from 1 to 20 wt./wt.% of
the total formulation, iv) at least three micelle
forming compounds selected from the group consisting of
lecithin, hyaluronic écid, pharmaceutically acceptable

salts of hyaluronic acid, glycolic acid, lactic acid,

chamomile extract, cucumber extract, oleic acid,

linoleic acid, linolenic acid, monooléin, monooleates,
monolaurates, borage oil, evening of primrose oil,
menthol, trihydioxy oxo cholanylglycine and .
phafmaceutically acceptable.salts thereof, glycerin,

polyglycerin, lysine, polylysine, triolein,-

‘polyokyethylene ethers and analogues thereof,

polidocanol alkyl éthers‘and analogues thereof,
chenodeoxycholate, deoxycholate, and mixtures thereof,
wherein the amount of each micelle forﬁing compound is

present in a concentration of from 1 to 20 wt./wt.% of

~ the total formulation, and the total concentration of

micelle forming compounds are less than 50 wt./wt.% of
the formﬁlation, v) a phenolic compound selected from
the éroup consisﬁing of phenol and methyl phenol in a
concentratidn of from 1 to 10 wt./wt.% of the total
formulétion, and vi) a propellant selécted from the
group consiéting of C1-C2 dialkyl ether, butanes,
fluorocarbon propellant,.hydrogep-containing .
fluorocarbon propellant, cﬁlorofiuorocarbon propellant,
hydrogen-containing chlorofluorocarbon propellant, and
mixtures thereof.

In one embodiment, the dispenser is first shaken
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prior to spraying the pharmaceutical formulation and
propellant into the buccal cavity.
Detailed Description of Preferred Embodiment s

The'presént invention provides.an improved method
for delivery of macromolecular (high molecular weight)
pharmaceutical agents, particularly through the
membranes in the mouth or lungs. The pharmaceutical
agents cover a wide spectrum of ageﬁts, including
proteins, peptides, hormones, vaccines and drugs. The
molecular weights of the'macromolecular pharmaceutical
agents are preferably abbve 1000, espécially between
1000 and 2 000 000. .

For example, hormones which may be administered
with the present invention include thyroids, androgens,
estrogens, prostaglandins, somatotropins, gonadotropins,
eryﬁhropoetin, interferons, interléukins, steroids and
cytokines. Vaccines which may be administered with the

present invention include bacterial and viral vaccines

-such as vaccines for hepatitis, influenza, tuberculosis,

canary pox, chicken pox, measles, mumps, rubella,

" pneumonia, BCG, HIV and AIDS. Bacterial toxoids which

may be administered .using the present invention include
diphtheria, tetanus, pseudomonas and mycobactrium
tuberculosis. Examples of specific cardiovascular or
'thrombOIYtic agents include heparin, hirugen, hirulos
and hirudine. Large molecules usefully administered
with the present invention include monoclonal )
antibodies, polyclonal antibodies and immunoglobins.
As will be understood, the concentration of the
pharmaceutical‘ageht is an amount sufficient to be
effective in treating or preventing a disorder or to
regulate a physiologiéal condition in an animal or
human. The concentration or amount of pharmaceutical
agent administered will depend on the parameters

determined for the agent and the method of
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administration, e.g. nasal, buccal, pulmonary. For
example, nasal formulations tend to require much lower
concentrations of some ingredients in order to avoid
irritation of burning of the nasal passages. It is
sometimes.desirable to dilute an orél formulation up to
10-100 times in order to provide a suitable nasal
formulation. A 4

The mixed micellar formulation may be prepared by
mixing an aqueoﬁs solution of the pharmacéutiéal agent,
the alkali metal C8 to C22 alkyl sulphate, ét least
three micelle forming compounds, and optionally the
phenolic compouﬁd. The‘micelle‘forming compounds may be
added at the same time or after addition of the alkali
metal alkyl sulphate. Mixed micelles will form with
éubstantially any kind of mixing of the ingredients but
vigorous mixing is preferred in order to provide smaller
size micelles.

In one method a first micellar composition is
prepared which contains the pharmaceutically active
agentvand at least the alkali metal alkyl sulphate. The
’first micellar composition is then mixed with at least
three micelle forming compounds to form a mixed micellar
composition. In another method, the micellar
composition is prepafed by mixing the pharmaceutically
active agent, the alkéli,metal alkyl sulphéte ana at
least one of the micelle forming compounds, followed by
addition of the remaining micelle forming compounds,
with vigorous mixing. '

The phenol and/oxr m-cresol may be added to the
mixed micellar composition to stabilize the formulation
and protect against bacterial growth. Alterﬁétively,
the bhenol and/or m-cresol may be added with the micelle
forming ingredients. An isotonic agent such as glycerin-
may also be added after formation of the mixed micellar

composition. The formulation is then put into an
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aerosol dispenser and the dispenser charged with the
propellant. The propellant, which is under pressure, is
in liquid form in the dispenser. In the present
invention, when the composition of the pfesent invention
is in a dispenser, the aqueous phase may be separated
from the propellant phase. Preferably, however, the
ratlos of the 1ngred1ents are adjusted by simple
experimentation so that the aqueous and propellant
phases become one, i.e. there is one phase. If there
are two phases, it is necéssary to shake the dispenser
pfior to dispensing a portion of the contents, e.g.
through a metered valve. The dispensed dose of
pharmaceutical agent is propelled from the metered valve
in a fine spray.

The preferred propellants are hydrogen-containing
chlorofluorocarbons, hydrogen—containing fluorocarbons,
dimethyl ether and diethyl ether. Even more preferred
is HFA 134a (1,1,1,2 tetrafluoroethane).

Although the present invention has such wide
applicability, the invention is described hereinafter
with particular reference to insulin and its analogues,
which are used for the treatment of diabetes.

As indicated hereinbefore, the aerosol compositions
of the present invention require that the pharmaceutical
formulation be in mixed'micellar form.

In the case of insulin, which is intended for
administration through the mouth cavity, the first‘
micellar solution may be made by adding water, and then
hydrochloric acid (typically 5M) to powdered insulin,
and then stirring until the powder is dissolved and a
clear solution is obtained. The solution is then
neutralized with sodium hydroxide. The sodium alkyl
sulphate may then be added with low speed stirring,
either alone or with at least one micelle forming

compound. A typical concentration of sodium lauryl
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sulphate, as the sodium alkyl sulphate, in the aqueous
solution is about 3 to 20 wt./wt.% of the solution.
Typically, insulin is presept in the micellar solution
in an amount which will give a_conceﬁtrﬁtion of about 2
to 4 wt./wt.% of the final formulation.

The micellar solution So formed may then be mixed
vigorously, e.g. by sonication or high speed stirring,
to form a mixed micelle 1iposomai solution. Other
micelle forming compounds may then bg added. For
example, one or more micelle forming éompounds selected

from the group consisting of lecithin, hyaluronic acid,

: pharmaceuticaliy:acceptable salts of hyalﬁronic acid, .

glycolic acid, lactic acid, chamomile extract, cucumber
extract, oleic acid, linoleic acid, linolenic acid,
monoolein, monooleates, monolaurates, borage oil,
evening of primrose oii, menthol, trihydroxy oxo
cholanyl glycine and pharmaceu;ically_acceptable salts
thereof, glycerin, polyglycerin, lysine, polylysine,
triolein, polyoxyethylene ethers and analogues thereof,
polidocanol alkyl ethers and analogues thereof,
chenodeoxycholate, and deoxycholate may be added. The
mixing may be done with a high speed mixer or sonicator
to ensure uniform micelle particle size distribution
within the formulation. . : ' .

After forming :he mixed micellar formulation, the
phenol and/or m-cresol is added prior ‘to charging the
composition to an aerosol dispenser. AsAindicated
above, other ingredients, such as isotonic agents,.
flavouring agents, anti—oxidants, salts, protease
inhibitors or other pharmaceutically acceptable
compounds may also be added. After the formulation is
.in the aerosol dispenser, thé diépenser ié charged with
propellant in a known manner.

Each of the micelle forming compounds, when

present, is in a concentration of from 1 to 20 wt./wt.%
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Preferred salts of hyaluronic acid are alkali metal
hyaluronates, alkaline earth hyaluronates and aluminium
ﬁyaluronaté.’ The preferred salt is sodium:hyaluronaté.
The preferred concentration of hyaluronic acid or
phafmaéeutically acceptable ‘salts of hyaluronic acid is
from 1 to 5 wt./wt.% of the total formulation. An even
more preferred range is from 1.5 to 3.5 wt./wt.% of the
total formulation. ‘

The specific concentrations of the essential
ingredients can be determined by reiatively
straightforward experimentation. It will be understood
that the amounts of” certain ingredients may need to be
limited in order to avoid compositions which produce
foam when sprayed rather than forming a fine spray. For
absorption through the oral cavities, it is often
desirable to increase, e.g. double or triple, the dosage
which is normally required through injectioﬂ.or
administfation through the gastrointestinal tract.

As will be understood,’the amount of each component
of the formulation will vary depending on the

pharmaceutical agent and the site of appllcatlon

' preferred formulations buccal application have the

following combinations: i) sodium lauryl sulphate,
polidocanol 10 lauryl ether, sodium oxo cholanyl glycine
and lecithin; ii) sodium lauryl sulphate, polidocanol 10
iauryl ether, phosphétidyl choline, oleic acid; iii)
sodium laﬁryl sulphate, polidocanol 10 lauryl ether,
sodium hyaluronate and lecithin; iv) sodium lauryl
sulphate, polidocanol 9 lauryl ether, triolein and
polylysine; v) sodium lauryl sulphate, polyoxyethylene
ether (10 lauryl), trlhydroxy oxo cholanyl glyc1ne and
lec1th1n vi) sodium 1aury1 sulphate, polidocanol 20
lauryl ether, evgnlng of primrose o0il and lecithin and

vii) sodium lauryl sulphate, trihydroxy oxo-cholanyl
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glycine, lecithin and chenodeoxycholaté.

The therapeutic compositions of the present
invention may be stored at room temperature or at cold
temperature. Storage of proteinic-drugs is preferable .
at a cold tempefatu:e to prevent degradation of the
drugs and to extend their shelf life.

It is believed that the mixed micelles of the
present inventidn encapsulate molecules with a high
degree of efficiency (>90% encapsulation). In general
the-size of the micelle particles in the mixed micellar
composiﬁion is'about 1 to 10 nm or less, and preferably’
from lAto 5 nm. Such mikedbmiCelles tend to be smallef.
than the pores of the membranes in the oral cavity or
the GI tract. It is therefore believed that the
extremely small size of mixed micelles helps the
encapsulated molecules penetrate efficiently through the
mucosal membranes of the oral cavity.

The desired size of aerosol droplets which are
sprayed from the aerosol dispenser will depend, in part,
on where the pharmaceﬁtical is to be deposited.i For
example, for deposition in the lungs, particle sizes of
less than about 5 um are preferred whereas for
absorption in the buccal cavity of the mouth, particle
sizes of ébout 6-10 um are preferred.

The amount of physiologically peptide or protein in
the compositions of this invention is typically a
quantity that provides an effective amount of the
pharmaceutical or drug to produce the physiological
activity (therapeutic plasma level) for which peptide or

protein is being administered. 1In consideration of the

fact. that the bioavailability of any active substance
. can never be 100%, that is to say the administered dose

.of the active drug is not completely absorbed, it is

preferable to incorporate slightly larger amount than

the desired dosage.
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It is believed that improvements in penetration and
absorption of mixed micellar formulations are achieved
by mixing the mixed micellar formulation with
propeliants such as tetrafluoroethane,
heptafluoroethane, dimethylfluoropropane,
tetrafluoropropane, butane, isobutane, dimethyl ether‘
and other non-CFC and CFC propellants. Preferably they

are delivered through metered dose spray devices.

‘Metered dose inhalers are known and are a popular

pulmonary drug delivery form for some drugs. One of the
béﬁefits of using an atomizer or inhaler is that the
potential foi contamination is minimizéd because the
devices are self contained.

As indicated hereinbefore, by making adjustments to
the concentrations of ingredients in the formulation,
the formulation in the aerosol container may be in a
single phase, i.e. the propeliant and the remainder of
the formulation are intimately mixed together. In such

instaﬁces, the single phase generally remains stable for

‘many months. With other combinations the formulation

may be in ‘two phases, i.e. the propellant in one phase
and the remainder in another phase. 1In such event, then
the formulation should be shaken vigorously prior to

spraying the formulation into the mouth, so that there

'is a uniform amount of pharmaceutical agent in each shot

delivered from the metered dose applicator (aerosol
container) . -

The present formulation, including the propellant,

" is intended to improve the quality of absorption,

stability and performance of many formulations. The
compositions have been selected to give enhancement in
the penetration through pores, and facilitate absorption
of the drugs to reach therapeutic levels in the plasma.
Administration of the formulation into the buccal

cavity is by spraying the formulation into the mouth,
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without inhalation, so that the droplets stay in the
mouth rather than be drawn into the lungs.

The invention is illustrated by reference to the
following éxamples.

Example 1

A first experiment was conducted to provide data
for comparative purposes. This example does not fall
within the scope of the presént invention.

Powdered insulin was placed in a glass beaker
equipped with a stirrer. Distilled water was added and
the solution was stirred at low speed; To this solution
was added 5M HCl (pH 2) solution dropwise until the
insulin was solubilized completely. This solution was
then neutralized with 5M NaOH solution‘dropwise until
the pH was between 7 and 8. Seven mg phenol and 7 mg m-
cresol were added to the solution and mixed thoroughly.
The solution was diluted with distilled water until
there were 200 units insulin per millilitre of solution.
One millilitre porfions were then transferred to glass
vials, which were then charged with 10.8 g HFA 134a
propellant using a Pamasol (trade hark) 2008 semi-
automatic gas filling apparatus.

Ten diabetic volunteers were asked to fast
overnight and not have any breakfast prior to dosing.
On the first day, the volunteers were given 10 units
insulin by injection (regular fast acting insulin,
available from Eli Lilly). On the second day, the
volunteers were given 60 uni;s insulin of this example
(10 puffs of 6 units each). into the mouth, without
inhalation. Blood glucose levels were ﬁonitored at

intervals using Bayer's glucometer Elite for 3 hours.

. The average results, in millimoles per litre, are shown

in Table I.
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Table I

Time*: 0 15 30 60 90 120 150 180

Injection: . 6.8 6.6 5.9 5.3 4.9 4.5 4.1 3.7

‘Spray: 6.3 6.8 6.2 6.8 6.1 6.7 6.5 6.2

* time in minutes

These tests indicate that compared to the injection

method, the spray method with formulations without the
-alkali metal alkyl sulphate and absorption enhancers of

the present invention failed to lower the blood glucose
levels in diabetic patients. Thus, combination of the
formulation and the spray method of application had no
metabolic effect. .
Example 2

Powdered insulin was placed in a glass beaker
equipped with a stirrer. Distilled water was added and
the solution was stirred at low speed. To this solution
was added 5M HCl (pH 2) solution drdpwise until the
insulin was solubilized completely. This solution was
then neutralized, while stirring slowly, with 5M NaOH
solution dropwise until the pH was between 7 and 8. To
this solution was added 7 mg sodium lauryl sulphate,

7 mg polyoxyethylene ether (10 lauryl) and 7 mg
trihydroky oxo cholanyl glycine and dissolved
completely. Seven mg lecithin, solubilized in a water
alcohol solution (7 mg/mL) was then added while stirring
at high speed, i.e. 2000 rpm. The solution was stirred
for 30 minutes and then stored at 10°C. The resulting
mixed micellar soluﬁion had about 200 units insulin. To
this mixture 5 mg phenol, 5 mg m-cresol and 10 mé
glycerin were added.

The solution was pipetted (1mL/vial) into 10 mL
capacity glass vials. The vials were then charged with
HFA 134a propellant with a Pamasol 2008 automatic gas
filling apparatus. The amount of propellant was

adjusted to 9 mL shot size in order to deliver 2 units
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insulin per actuation of the aerosol vial. The valves
of the vials were designed to deliver 100 uL spray per
actuation, containing 2 units insulin. The formulation,
in the glass vial, including the propellant, was in a
single phase, i.e. was homogeneous. '

- The aerodynamic particle size was determined by an
g8-stage USP Anderson (trade mark) Cascade Impactor Mark
II. The impactor was cleaned with methanol and air
dried at 30°C. Glass fibre filters were placed on the
collection plates. The actuator was attached to the
mouthpiece of the impactor and assembled onto the USP
induction port and jet stages. A vacuum pumg was

connected and the air flow rate set to 28.3 litres per

" minute. The vial was primed by shaking for 10 seconds

and actuating twice to waste. The shot was delivered by
discharging the actuator into the mouthpiece and
repeating 25 times. .The deposited insulin was collected
by rinsing the mouthpiece with 0.6 mL EDTA in 10 mL
water at pH 8.7. The filters were removed and placed in
scintillation vials and sonicated for 15 minutes. The
quantity of insulin was then analysed using RP-HPLC.

The results are shown in Table II (2 units péf

actuation) and III (4 units per actuation).

Table IT
Stage No. 0 1 2 3
Volume (hL) 10 10 10 10
Mass (mg) 0.79 O.Si 0.78 *
Units 10.4 10.0 10.0 .
Actuation 5 S 5
Units per
actuation 2.0 2.0
Particle size{um) 8.8 5.8 5.7

* not determined/detected
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Table IIT
Stage No. ) 0 1l _ 2 3
Volume (mL) 10 ‘10 10 10
Mass (mg) 0.79 - 0.81 0.78 ° **
Units 20.7 21.0 ‘ 20.1
Actuation 5 5" )
Units per
actuation 4.15 4.18 4.01
Particle size (um) 9 . 5.8 4.7

** not determined

Based on these tests, the particle size was
determined to be about 7-um, and-sfages 3-8 showed no
insulin deposition, indicating that most particles were
lérger than about 6 um. This suggests that there would
be no deep lung deposition of the formulation and that
most of the formulation would be deposited in the buccal
cavity. '

Further tests were conducted to determine the shot
siée accuracy,iby firing sﬁots into thiel tubes and
weighing the tubes before and after the sample
collection. The tests showed the shots for 2 units per
actuation weighed between 0.075 and 0.083 grams, i.e
within about +5%. The tests showed the shots for 4

.units per actuation weighed between 0.076 and

0.083 grams, i.e within about +5%. The tests showed the
shots for 6 units per actuation weighed between 0.070
and 0.082 grams, i.e within about +8%. HPLC analysis
showed the doses delivered to be from 2.61 units to 2.07
units for 2 units per actuation, from 3.9 units to 4.4
units for 4 units per actuation, and from 5.8 units to
6.3 units for 6 units per actuation.

Ten diabetic volunteers were asked to fast
overnight and not have any breakfast prior to dosing.
On the first day, the volunteers were given 10 units

insulin by injection (regular fast acting insulin,



= WO 00737051 PCT/CA99/01231

10

15

20

25

30

35

- 25 -

available from Eli Lilly). On the second day, the
volunteers were given 60 units insulin of this example
(10 puffs of 6 units each) into the mouth, without
inhalation. Plasma. insulin levels were measured at
intervals: by the RIA method for 3 hours. The average
results, in micromoles per millilitre, are shown in
Table IV. Blood glucose levels were also monitored at
intervals using Bayer'’s glucometer élite fof 3 hours.
The average results, in millimoles per litre, are shown
in Table V.
' Table IV
Time*: 0 15 30 45 60 90 120 150 180

.Injection:10 9.1 11 16 31 45 32 25 20

Spray: 8.7 12.1 19.8 28 27 36 29 21 13
* time in minutes
This test indicated that the injection method and

spray method were comparable.

. Table V
Time*: 0 15 30 - 45 60 90 120 150 180
Injection:6.1 6.0 5.9 5.5 5.1 4.5 3.8 4.2 4.4
Spray: 6.6 6.3 5.8 5.2 4.8 4.9 4.5 5.0 5.3

* time in minutes _
This test indicated that the injection method and
spray method were comparable in terms of glucose level.
Tests were also conducted with 40 units of spray at

10 puffs each, .and compared to 10 units injected by

measuring plasma levels and glucose levels as above.

The results are shown in Table VI (plasma) and VII

{glucose) .
Table VI
~ Time*: 0 15 30 45 60 90 120 150 180
Injection:9 o 13 19 34 45 42 35 24
Spray: 10 13 18.5 27 30 33 29 19 14

* time in minutes

This test indicated that the injection method and
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spray method were comparable in terms of plasma insulin

levels.

_ Table VII
" Time*: 0 15 30 60 90 120 150 180
Injection: 5.8 6.0 5.9 5.5 5.0 4.5 4.1 3.9
Spray: 6.0 5.7 5.4 5.0 5.1 4.7 4.5 4.2

* time in minutes

This test indicated that the injection method and
spray method were comparable in terms of glucose levels.
Example 3

Powdered insulin was placed in a glass beaker
equipped with‘a stirrer. Distilled water was added and
the solution was stirred at low speed. To this solution
was added SM HCl1l (pH 2) solution dropwise until the
insulin was solubilized completely. This solution was
then neutralized, while stirring slowly; with 5M NaOH
solution dropwise until the pH was between 7 and 8. To
this solution was added 30.4 mg sodium lauryl sulphate
per millilitre of insulin solution, 30.4 mg polidocanol
9 lauryl ether per millilitre of“insulin solution and
10.0 mg polylysine. per millilitre of insulin solutioﬁ,
and dissolved.completely. 15.2 mg triolein per
millilitre of insulin solution was then added while
stirring at high speed, i.e. 2000 rpm. The solution was
stirred for 30 minutes and then stored at 10°C. The
resulting solution was a mixed micellar solution. To
this mixture 15.2 mg m-cresol per millilitre of insulin
solution were added.

The solution was pipetted (1 mL) into glass-vials.
The vials were then charged with 10.8 g HFA 134a
propellant per vial, with a Pamasol 2008 automatic gas
£illing apparatus. The valves of the vials were
designed to deliver 100 uL spray per actuation,
containing 6 units insulin. The formulation, in the

glass vial, including the propellant, was in a single
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phase, i.e. was homogeneous.

Ten diabetic volunteers were asked to fast

overnight and not have any breakfast prior to dosing.

On the first day, the volunteers were given 10 units
insulin by injection (regular fast acting insulin,
available from Eli Lilly). On the second day, the
volunteers were given 60 units insulin of this example
(10 puffs of 6 units each) into the mouth, without
inhalation. Plasma insulin levels were measured at
intervals by the RIA method for 3 hours. The average
results, in micromoles1per millilitre, are shown in
Table VIII. Blood glucose levels were also monitéred at
intervals using Bayer’s glucometer Elite for 3 hours.
The average results, in millimoles per litre, are shown
in Table IX.

Table VIII

Time*: 0 15 30 . 45 60 20 120 150 180
Injection:9 9.1 14 20 40 48 39 34 27
Spray: 10 15.1 22 32 47 36 27 21 19

*+ time in minutes
This test indicated that the injection method and

spray method were comparable.

Table IX
Time*: 0 15 30 45 60 90 120 150 180
Injection:6.6 6.5 6.1 5.5 4.9 4.5 3.8 3.5 4.4
Spray: 6.8 5.9 5.2 4.8 4.3 3.9 4.5 5.7 5.3

* time in minutes

This test indicated that the injection method and

.spray method were comparable in terms of glucose_level.

Example 4
A further experiment was conducted to provide data

for comparative purposes.
. Powdered insulin was placed in a glass beaker
equipped with a stirrer. Distilled water was added and

the solution was stirred at low speed. To this solution
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was added 5M HC1l (pH 2) solution dropwise until the

insulin was solubilized completely. This solution was
then neutralized with 5M NaOH solution dropwise until
the pH was between 7 and 8. The solution was diluted

with distilled water until there were 600 units insulin

per millilitre of solution. One millilitre portions

were then transférred to 10 mL capacity glass vials,
which were then chargea with 10.8 g HFA 134a propellant
using a Pamasol (trade mark) 2008 semi-automatic gas
filling apparatus. This formulation does not fall
within the scope of the present invention.

The gas phasé and the aqueous phase were observed
to be distinctly separate. Even shaking of the vials
did not appear to homogenize the composition.

Tests were conducted to determine the shot size

accuracy, by firing shots into thiel tubes and weighing

the tubes before and after the sample collection. The

tests showed five consecutive shots for 6 units per

_actuation weighed 0.094, 0.110, 0.200, 0.150 and

0.050 gréms, i.e. within about +60% of the averagé.'
This compares with 18% in Example 2 (which is within the
scope of the present invention). '

HPLC analysis showed the average doses delivered to
be 5.4 units per actuation from shots 5-10, 7.1 units
per actuation from shots 45-50 and 8.6 units per
actuation from shots 85-90.

These results showed that such composition, without
the micelle-forming ingredients, éave non-uniform dose
delivery.

Example v

Ten millilitres of concentrated insulin containing
10 000 units per millilitre was place in a glass beaker.
To this solution was added 7 mg sodium lauryl sulphate,
7 mg polyoxyethylene ether (10 lauryl), 7 mg trihydroxy

oxo-cholanyl glycine and 7 mg. lecithin. The components
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were stirred until they were completely dissolved.
Seven mg phenol and 7 mg m-cresol were added to the
solution and mixed thoroughly. '

One millil;tre portions of the solution were.
pipetted into 10 mL capacity glass vials. The vials had.
metered dose valves thereon. The vials were then
charged with HFA 134a propellant with Pamasol 2008
(trade mark) gas filling apparatus. The amount of
propellant was adjusted to 9 mL per vial in order to
deliver 10 units of insulin per actuation of the valve
(100 uL shbt/actuation).. The formulation, in the glass
vial, iﬁcluding the propellant, was in a single phase,
i.e. was homogeneous.

Ten diabetic patients fasted overnight and did not

have a breakfast prior to dosing. On the first day,

each patient had 7 units regular fast acting insulin,
évailéble from Eli Lilly, administered by injection. On
the second day, edch patient was given 70 units insulin
of this example (7 puffs of 10 units éach) iﬁto the
mouth, without inhalation. Blood samples weré collected
and plasma glucose levels were measured:aﬁ intervals
using Bayer’s glucometer Elite for 3 hours.. The average
results, in millimoles per millilitre, are shown in
Table X. Insulin levels were also monitored at
intervals by the RIA method for 3 hours. The average

results, in micromoles per litre, are shown in Table XI.

Table X
Time*: ©0 15 30 45 60 90 120 150 180
Injection:S.S. 6.3 5.7 5.2 4.8 4.9 3.8 4.5 4.7
Spray: 6.1 6.0 6.0 5.9 5.5 4.5 3.6 4.1 4.4
' Table XI )
Time*: ©0 15 30 45 60 90 120 150 180

Injection:8.7 12.1 19.8 29.0 36.0 37.0 33.0 23.0 14.0

' spray: 9.1 11.0 16.0 31.0 45.0 43.0 45.0 32.0 22.0

* time in minutes
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These tests indicated that the injection method and
spray method were comparable.
Example VI o

Ten millilitres of concentrated insulin containing
10 000 units per millilitre was place in a glass beaker}
To this solution was added 15 mg sodium 1aﬁryl sulphate,
15 mg chenodeoxycholate, 15 mg trihydroxy oxo-cholanyl
glycine and 7 mg lecithin. The components were stirred
until they were completely dissolved. Seven mg phenol
and 7 mg m-cresol were added.to the solution and mixed
thoroughly. ' o

One milliliﬁre portiohs of the solution were
pipetted into 10 mL capacity glass vials. The vials had
metered dose valves thereon.; The vials were then
charged with HFA 134aApropellant with Pamasol 2008
(trade mark) gas'filling apparatus. The amount of
propellant was adjusted to 9 mL per vial in order to
deliver 10 units of insulin per actuation of the valve
(100 ul. shot/actuation). The formulatibn, in Ehe glass
vial, including the propellant, was in a single phase,
i.e. was homogéneous. ‘ ‘ o

Ten diabetic patients fasted ovefﬁight and did not
have a breakfast prior to dbsing. On the first day,
each patient had 7 units regular fast acting insulin,
available from Eli Lilly, administered by injection.
Fifteen minutes after administering the.iﬁsulin, each
patient was given a 250 calorie Sustacal (trade mark)
drink, which was drunk within 10 minutes. On the second
day, each patient was given 70 units insulin of this
example (7 puffs of 10 units each) into the mouth,
without inhalation. Fiffeen minutes after administering
the insulin, each patient was given a 250 céldrie
Sustacal ftfade mark) drink, which was drunk within 10
minutes. Blood samples were collected and.plasma

glucose levels were measured at intervals, using Bayer’s
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glucometer Elite for 4 hours. The average results, in

millimoles per millilitre, are shown in Table XII.

' Table XII
Time*: 0 . 15 30 60 90 120 180 240
5 Injection:9.2 9.0 9.5 12.3 12.4 12.6 11.3 9.7
Spray: 8.8 8.8 .8.7 10.4 12.0 12.4 11.9 10.5

* time in minutes
These tests indicated that the injection method and
spray method were comparable.
10
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CLAIMS:

1. A mixed micellar aerosol pharmaceutical formulation
and a propellant, comprising i) a proteinic
pharmaceutical agent in micellar form, ii) water, iii)
an alkali metal C8 to C22 alkyl sulphate in a ' ‘
concentration of from 1 to 20 wt./wt.% of the total

formulation, iv) .at least three micelle forming

. compounds selected from the group consisting of

lecithin, hyaluronic acid,. pharmaceutically acceptable
saltS»bf hyalufcnic acid, glycolic acid, lactic acid,
chamomile extract,lcucumber extract, oleic acid,
linoleic acid, linolenic acid, monoolein, monoéleétes,
monolaurates, borage oil, evening of primrose oil,
menthol, trihydroxy oxo cholanyl glycine and
pharmaceutically acceptable salts thereof, glycerin,
polyglycerin, lysine, polylysine, triolein,
polyoxyethylene ethers and analogues thereof,
polidocanol alkyl ethers and analogues thereof,

. chenodeoxycholate, deoxycholate, and mixtures thereof,

120

25

30

35

wherein the amount of each micelle forming compound is
present in a concentration of from 1 to 20 wt./wt.% of
the total formulation, and the total concentration of
micelle forming compounds are less than 50 wt./wt.% of
the formulation, v) a phenolic compound selected from
the group consisting of phenol and methyl phenol in a
concentration of from'l to 10 wt./wt.% of the total
formulation, énd vi) a propellant selected from the
group consisting of C1-C2 dialkyl ether, butanes,
fluorocarbon propellant, hydrogen-containing
fluorocarbon propellant, chlorofluorocarbon propellant,
hydrogen-containing chlorofluorocarbon propellant, and
mixtures thereof.

2. A formulation according to Claim 1 wherein the
alkali metal C8 to C22 alkyl sulphate is in a

concentration of from 2 to 5 wt./wt.% of the total
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formulation.

3. A formulation according to Claim 1 wherein the
alkali metal C8 to C22 élkyl sulphate is sodium lauryl
sulphate. '

5 4. 2 formulation according to -Claim 2 wherein the
alkali metal C8 to €22 alkyl sulphate is sodiﬁm lauryl
sulphate. _ _

5. A formulation according to Claim 1 wherein the
jecithin selected from the group consisting of saturated

10 phosphatidylcholine, unsaturated phosphatidylcholine,
phosphatidyl serine, sphingomyelin, .~
phosphatidylethénolamine, cephalin, and lysolecithin.
6. . A formulation according to Claim 1 wherein one of
the micelle forming compounds is selected from the group

15 consisting of hyaluronic acid, pharmaceutically
acceptable salts of hyaluronic acid, polidocanol alkyl
ethers, trihydroxy oxo cholanyl glycine and
pharmaceutically acceptable salts thereof,
polyoxyethylene ethers and analogues thereof,

20 chenodeoxycholate, and mixtures thereof, the
concentration such micelle forming compound being from
about 1 to about 5 wt./wt.%

7- A formulation according to_Claim 1 wherein the
propellant is selected from the group, consisting of

25 tetrafluoroethane, tetrafluoropropane,
dimethylfluoropropane, heptafluoropropane, dimethyl
ether, n-butane and isobutane.

8. A formulation according to Claim 2. wherein the
propellant is selected from the group consisting of

30 tetrafluoroethane, tetrafluoropropane,
dimethylfluoroprbpane, heptafluoropropane, dimethyl
ether, n-butane and isobutane. i
9. A formulation according to Claim 1 wherein the
formulation comprises combinations selected from the

35 group consisting of i) sodium lauryl sulphate,
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polidocanol 10 lauryl ether, sodium oxo cholanyl glycine
and lecithin; ii) sodium lauryl sulphate, polidocanol 10
lauryl ether, phosphatidyl choline, oleic acid; iii)
sodium lauryl sulphate, polidocanol 10 lauryl ether,
sodium hyaluronate and lecithin; iv) sodium lauryl
sulphate, - polidocanol 9 lauryl ether, triolein and
polylysine; v) sodium lauryl sulphate, polyoxyethylene
ether (10 lauryl), trihydroxy oxo cholanyl glycine and
lecithin, vi) sodium lauryl sulphate, polidocanol 20
lauryl ether, evening of‘primrose 0il and lecithin, and
vii) sodium lauryl sulphate, trihydroxy oxo-cholanyl
glycine, lecithin and chenodeoxycholate.

10. A formulation according to Claim 1 wherein ﬁhe
pharmaceutical agehts are selected from the group
consisting of insulin, heparin, low molecular weight
heparin, hirulog, hirugen, huridiné,‘interferons,
interleukins, cytokines, mono and polyclonal antibodies,
immunoglobins, chemotherapeutic agents,. vaccines,
glycpproteins, bacterial toxoids, hormones, calcitonins,
insulin 1ike'growth factors (IGF), glucagon like
peptides (GLP-1), large molecule antibiotics, protein
based thrombolytic compounds, platelet inhibitors, DNA,
RNA, gene therapeutics, antisense oligonucleotides,
opioids, narcotics, hypnoticé, steroids and pain
killers.

11. A formulation according to Claim 2 wherein the
pharﬁaceutical agent is insulin.

12. A formulation according to Claim 1 wherein the
ratio of proteinic pharmaceutical agent to propellant is
from 5:95 to 25:75.

13. A formulation according to Claim 1 which is
contained in a metered dose device.

14. A process for making a pharmacéutical composition
suitable for delivery through transdermal membranes

comprising the steps of:
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mixing a proteinic pharmaceutical agent composition

_in an aqueous medium with an alkali metal C8 to C22

alkyl.sulphaﬁe, and at least one}micélle‘forming
compound selected from the group consiéting Qf_legithin,
hyéluronié acid, pharmaceuticélly acceptable.éalts 6f'
hyalufonic acid, glycolic écid, lactic acid, chamomile
extract, cucumber extract, oleié acid, linoleic écid,
linolenic acid, monogiein, monooleates, monolaurates,
borage oil, evening of primrose oii, menthol, trihydroxy
(o> do] choianyl glycine and pharmaceutically acceptable
salts thereof, glycerin, pélyglycérin, 1ysiné;
polylysine, triolein, polyoxyethylene ethers and
analogues thereof, polidocanol alkyl ethers and
analogues thereof, chenodeoxycholate, deoxycholate, and
mixtures thereof, to form a micellar proteinic
pharmaceutical agent composition; and a phenolic
compound selected from the group consisting of phenol,
m-cresol and mixtures theréof; and subsequently

b) placing the formuiation into an aerésoi
dispenser and charging the dispenser a propellant;

wherein the composition has at least three micelle

'forming compoundsvahd the amount of the micelle forming

compounds are each présent in a concentration of from 1
to 20 wt./wt.% of the total formulation, and the total
concentration of alkali metal alkyl sulphate and micelle
forming compounds is less than 50 wt./wt.% of the
formulation. .
15. A process according to Claim 14 comprising the
steps of: _ _

a) mixing a proteinic pharmaceutical agent

composition in an aqueous medium with an alkali metal C8

to €22 alkyl sulphate, and at least one micelle forming

' compound selected from the group consisting of lecithin,

hyaluronic acid, pharmacéutically_acceptable salts of

hyaluronic acid, glycolic acid, lactic acid, chamomile
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extraét, cucumber extract, oleic acid, linoleic acid,
linolenic acid, monoolein, monooleates; monolaurates,
borage oil, evening of primrose o0il, menthol, trihydroxy
oxo cholanyl glycine and pharmaceutically acceptable
salts théreof, glycerin, polyglycerin, 1ysiné,
polylysine, triolein, polyoxyethylene ethers and
analogues thereof, polidocanol alkyl ethers and
ahaloguesithereof, chenodeoxycholate, erxycholate, and
mixtures thereof, to form a micellar proteinic
pharmaceutical agent composition;

b) during step a) or after step a), adding at least
one micelle forming compound, différént from that added
in step a);

c) during step a) or after step a), adding a

phenolic compound selected from the group consisting of

‘phenol, m-cresol and mixtures thereof; and subsequently

d) placing the formulation into an aerosol
dispenser and charging the dispenser a propeilant;

whexein the composition has at least three micelle
forming compounds and the amount of the micelle forming
compounds are each present in a concentration of from 1
to 20 wt./wt.% of the total fdrﬁulation, and the total

concentration of alkali metal -alkyl sulphate and micelle

'forming compounds is less than 50 wt./wt.% of the

formulation.

l6. A proéess according to Claim 14 wherein‘the alkali
metal alkyl sulphate is sodium lauryl sulphate.

17. A process according to Claim 14 wherein the
propellan£ is selected from the group consisting of
tetrafluoroethane, tetrafluoropropane,
dimethylfluoropropane, heptafluoropropane, dimethyl
ether, n-butane and isobutane.

18. A process according to Claim 14 wherein the
formulation comprises combinations selected from the

group consisting of i) sodium lauryl sulphate,
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" polidocanol 10 lauryl ether, sodium oxo cholanyl glycine

and lecithin; ii) sodium lauryl sulphate, polidocanol 10
lauryl ether, phosphatidyl choline, oleic écid; iii)
sodiﬁm'lauryl sulphate, polidocanol 10 lauryl ether,
éodium hyaluronate and lecithin; iv) sodium‘lauryl
sulphate, polidocanol 9 lauryl ether, triolein and
poiylysine; v) sodium lauryl sulphate, polyoxyetbylene
ether (10'1aury1),_trihydroxy oxo cholanyl glfcine and

lecithin, and vi) sodium lauryl sulphate, polidocanol 20°

_lauryl ether, evening of primrose oil and lecithin, and

vii) sodium lauryJ'sulphate, trihydroxonxd—cholanyl

glyciﬁe, lecithin and chenodéoxycholéte.

19. A process according to Claim 14 wherein the
pfotéinic pharmaceutical agent is selected from the
group consisting of insulin, heparin, low molecular
weight heparin, hirulog, hirugen, huridine, interferons,
interleukiné, cytokines, mono and polyclonal antibodies,
immunoglobins, chemotherapeutic agents, wvaccines,
glycoproteins, bacterial toxoids, hormones, calcitonins,
insulin like growth factors (IGF), glucagén like
peptides (GLP-1), large molecule antibiotics, protein
based thrombolytic compounds, plételet inhibitors, DNA,

_RNA, gene therapeutics, antisense oligonucléotides,

opioids, narcotics, hypnotics, s;eroids and pain
killers. - ‘ ‘ ‘

20. A method for administratioh of a proteinic
pharmaceutical agehﬁ in a buccal cavity of a human being
by.sprayingAinto the cavity, without inhalation, from a
metered dose spray dispehser, a.mixed micellar
pharmaceutical formulation and a propellant comprising:

i) the proteinic pharmaceutical agent in micellar

form, ii) water, iii) an alkali metal C8 to C22 alkyl

sulphate in a concentration of from 1 to 20 wt./wt.% of
the total formulation, iv) at least three micelle

forming compoﬁnds selected from the group consisting of
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lecithin, hyaluronic acid, pharmaceutically acceptéble
salts of hyalufonic acid, glycolic acid, lactic acid,
chamomile extract, cucumber extracp, oleic acid, ’
linoleic acid, linolenic acid, monoolein, monooleates,

monolaurates, borage oil, evening of primrose oil,

. menthol, trihydroxy oxo cholanylglycine and

pharmaceutically acceptable salts theieof, glycerin,

‘polyglycerip, lysine, polylysine, triolein,

polyoxyethylene ethers and analogues thereof,
polidocanol alkyl ethers and analogues thereof,
chénodéoxyéholate, deoxycholate, and mixtures thereof,
wherein the amount of each micelle forming compound is
present in a concentration of from 1 to 20 wt./wt.% of
the total formulation, and the total concentration of
micelle forming compounds are less than 50 wt./wt.% of

the formulation, v) a phenolic compound selected from

- the group consisting of phenol-and methyl phenol in a

concentration of from 1 to 10 wt./wt.% of the total
formulation, and vi) a propellant selected from the
group consisting of C1-C2 dialkyl ether, butanes,
fluorocarbon propellant, hydrogen-containing
fluorocarboﬁ propellant, chlorofluqrocarbon'propellant,
hydrogen-containing chlorofluorocarbon propellant, and
mixtures thereof.

21. A method according to Claim 20 wherein the
pharmaceutical agent is selected from the group
consisting of insulin, heparin, low molecular weight7
heparin, hirﬁlog, hirugen, huridine, interferons,
interleukins, cytokinés, mono and polyclonal antibodies,
immunoglobins, chemotherapeutic agents, wvaccines, .
glycoproteins, bacterial'toxoids, hormones, calcitonins,
insulin like gfowth factors (IGF), glucagon like
peptides (GLP-1), large molecule antibiotics, protein
based thromboiytic-compounds, platelet inhibitors, DNA,

RNA, gene therapeutics, antisense oligonucleotides,
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opiocids, narcotics, hypnotics, steroids and pain
Killers. .

22. A ﬁethod according to Claim 20 wherein the

pharmaceutical agent is insulin. .

5 23. A method according to Claim 21 wherein the alka11
metal C8 to C22 alkyl sulphate is sodlum lauryl
sulphate. .

24. A method accordlng to Clalm 22 wherein the alkall
metal C8 to C22 alkyl sulphate is sodium lauryl

10 sulphate. A
25. A method according to Claim 20 wherein one of the
micelle forming cohpounds is selected from the group
consisting of hyaluronic acid, pharmaceutically
acceptable salts of hyaluronic acid, polidocanol alkyl

15 ethers, trihydroxy oxo cholanyl glycine and
pharmaceutically acceptable salts thereof,
polyoxyethylene ethers and analogues thereocf, and
chenodeoxycholate, the concentration such micelle
forming compound being from about 1 to about 5 wt./wt.%.

20 26. A method accofding to Claim 21 wherein the
propellant is selected from the group consisting of
tetrafluoroethane, tetrafluoropropane,
dimethylfluofopropane, heptafluoropropane, dimethyl
ether, n-butane and isobutane. A

25 27. A method according to Claim 22 wherein the
propellant is selected from the group consisﬁing of
tetrafluo:oethane, tetrafluoropropane,
dimethylfluoropropane, heptafluoropropane, dimethyl.
ether, n-butane and isobutane.

30 28. A method according to Claim 21 wherein the
formulation comprises combinations selected from the
Qroup consisting of i) sodium lauryl sulphate,
polidocanol 10 lauryl ether, sodium 6xo cholanyl glycine
and lecithin; ii) sodium lauryl sulphate, polidocanol 10

35 lauryl ether, phosphatidyl choline, oleic acid; iii)
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sodium lauryl sulphate, polidocanol 10 lauryl ether,
sodium hyaluronate and lecithin; iv) sodium lauryl
sulphate, polidocanol 9 lauryl ether, triolein and
polylysine; v) sodium lauryl sulphate, polyoxyethylene
ether (10 lauryl), trihydroxy oxo cholanyl glycine and
lecithin, vi) sodium lauryl sulphate, polidocanol 20
lauryl ether, evening of primrose oil and lecithin, and
vii) sodium lauryl sulphate, tfihydroxy oxé—cholanyl

glycine, lecithin and chenodeoxycholate.



- ' INTERNATIONAL SEARCH REPORT I jonal Application No

PCT/CA 99/01231

A. CLASSIFICATION OF ECT MATTER
IPC 7 A61K9/12 A61K9/107

According to irfsmational Petart Classification (IPC) or to both national classification end IPC

8. FIELDS SEARCHED

Minimum documeontetion searched (classticaion system tollowad by classification symbols)
IPC 7 A61K :

’ anmmmmmpmmmmmmmmad in the flelds searched

El ic data base ed during the ational seerch (name of data base and, where practical, ssarch terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Cdoqony Chtation of documnent, with indication, where sppropriata, of the relevant passages ’ Relovart to claim No.

A WO 96 40057 A (ALLIANCE PHARMA ;TARARA 1-28
THOMAS E (US); WEERS JEFFRY & (US) : _
TREVIN) 19 December 1996 (1996-12—19)
page 2, line 8 -page 2, line 12

page 2, 1ine 19 -page 2, 1ine 24

page 3, 1ine 10 -page 3, line 26

‘ page 7, line 16 —page 7, line 25

A WO 97 42938 A (BIOZONE LAB INC) 1-28
20 November 1997 (1997-11-20)
page 4, line 22 -page 5, line 2~
page 5, 1ine 15 -page 5, line 19
page 11, 1line 4 -page 11, line 17

m Futher docurments are fsted Inthe conftinuation of box C. D Petert family members ere feted in annex.
¥ i otcRed : " “T" later document published after the ntemational fiiing dato

wmwmmmmmmm nmhﬂonbu

A-méwgfemym“m ast wiich Is not ctied to tnderstand the principle of theory undertytng the
'E‘mﬂu&;ammbmp\mndonwmmw ~* o ofp " the d tvantlon -
filng date mmmmm«mumm to
1 doamrﬂwﬁd‘lmhuwdowhongﬂoﬂy da!n(c)of mmmmmpmmmu taken alone
which Is cited to 1 the p Y d nt of L the claimed Invention
M“me@m mboe&uuamdmhvow?anhmm step when the
'O'dounwtmmmmwalm«m extdition of documment s combined with one or more other such docu-
other moans memmmtmbeugnbm.nba parson siiiod
*P* document published prior to the itemational fiing date tat hnthe -
later than the priority date clatmed & mmmmm:olhummm
Dato of the actual comp of the § search Deta of mating of the itemational eearch report
g
26 April 2000 08. 0. 00
Name and maling address of the ISA Authortzed officer
EuwmmOmm.P&smermmnz
’g'.(m 70)940-2040.7 31651 eponi,
T - X po
Fax (+31-70) 340-3016 Borst, M

Foan PCTASA210 (second sheed) (Aly 1962)

page 1 of 2



INTERNATIONAL SEARCH REPORT

;15 hndwuo
PCT/CA 99/01231

C{Continustion) DOCUMENTS co'usrbsnsn TO BE RELEVANT

Catagory *

Chation of document, with indication,where eppropriate, of the rslevart passages

Relovarnt to ciaim No.

A

P,Y

US 5 004 611 A (LEIGH STEVEN) -

2 April 1991 (1991-04-02)

column 2, Tine 49 —column 2, line 61
column 3, 1ine 16 —column 3, 11ne 26
column 4, line 39 -column 4, 1ine 64

WO 96 36352 A (CHANDARANA SUBASH ;MODI
PANKAJ (CA)) 21 November 1996 (1996-11-21)
page 3, 1ine 2 -page 3, 1ine 21 -
SCHREIER H ET AL: “"PULMONARY DELIVERY OF
LIPOSOMES™

JOURNAL "'OF CONTROLLED RELEASE,NL,ELSEVIER
SCIENCE PUBLISHERS B.V. AMSTERDAM,

vol. 24, no. 1 / 03,

1 May 1993 (1993-05-01), pagés 209-223,

XP000303928"
ISSN: 0168-3659
page 212, right-hand column, last
paragraph -page 214, right-hand column,
Tast paragraph
WO 99 40932 A (MODI PANKAJ)
19 August 1999 (1999-08-19)
page 5, 1ine 6. -page 5, line 26
page 7, 1ine 14 -page 7, line 30
page 8, 1ine 5 -page 10, line 29

1-28

1-28

1-28

1-28

Foan PCTASA210 (cortrustian of second sheef) (hdy 19%2)

page 2 of 2




) Imemational application No.
INTERNATIONAL SEARCH REPORT PCT/CA 99/01231

Box| Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This Intemational Search Report has not been established in respect of certain claims under Article 17(2)(a) for the foliowing reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 20-28 are directed to a method of treatment of the
human/animal body, the search has been carried out (Rule 39.1(iv) PCT).

2. D Claims Nos.:

because they relate to parts of the Intemational Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be camied out, specifically:

3. D Ctaims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box 1l Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this intemational application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims. .

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were limely paid by the applicant, this Intemational Search Report
covers only those claims for which fees were paid, specifically daims Nos.:

4. D No required additional ‘search fees were timely paid by the applicant. Consequently, this intemational Search Report is
restricted lo the invention first mentioned in the claims; # is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of addional search fees.

Form PCTASA210 (continuation of first sheet (1)) (July 1998)




INTERNATIONAL SEARCH REPORT

rdormation on patent tamily members

m ional Application No

PCT/CA 99/01231

Patent document Pubfication Patent tamily PubBcation
cited In ssarch report date member(s) dats
W0 9640057 A 19-12-1996 AU 704918 B 06-05-1999
AU 6153796 A 30-12-1996
CA 2222063 A 19-12-1996
CN 1195981 A 14-10-1998
EP - 0833608 A 08-04-1998
HU 9900879 A 30-08-1999
JP 11508237 T 21-07-1999
NO 975321 A - 27-01-1998
PL 323931 A 27-04-1998
WO 9742938 A 20~-11-1997 us 5891465 A 06-04-1999
EP 0928189 A 14-07-1999
US 5004611 A 02-04-1991 AT 75606 T 15-05-1992
DE 3585967 A 11-06-1992
EP 0158441 A 16-10-1985
JP 7053661 B . 07-06-1995
JP 61044808 A . 04-03-1986
us 5053217 A 01-10-1991
us 5141674 A 25—08-1992
W0 9636352 A 21-11-1996 us 5653987 A 05-08-1997
AU 5642396 A 29-11-1996
CA 2210996 A 21-11-1996
EP 0813421 A 29-12-1997
W0 9940932 A 19-08-1999 us 6017545 A 25-01-2000
) AU 2505399 A 30-08-1999

Fomm PCTASA210 (patent tarnlly ennax) (Aey 1662)




	2005-12-15 Foreign Reference

